Blunt popliteal artery injury with complete lower limb ischemia: is routine use of temporary intraluminal arterial shunt justified?  by Hossny, Ahmed
Blunt popliteal artery injury with complete lower
limb ischemia: Is routine use of temporary
intraluminal arterial shunt justified?
Ahmed Hossny, FRCS (Ed), Menofia, Egypt
Objective: Complete lower limb ischemia as a result of blunt popliteal artery injury is associated with the highest morbidity
and amputation rates among all of the peripheral vascular injuries. The purpose of this study was to determine the possible
benefits of routine use of a temporary intraluminal arterial shunt in patients with complete limb ischemia from blunt
popliteal trauma.
Patients and methods: Over 3 years seven blunt popliteal artery injuries with complete lower limb ischemia were managed
with insertion of a shunt at the initial phase of the operation. Data from these procedures was analyzed and compared with
retrospectively collected data for 10 injuries with complete ischemia treated without shunts during the preceding 5 years.
Results: Mean injury severity score and mangled extremity severity score were 9.3  3.49 and 5.7  0.95, respectively, in
the shunt group, and 9.9  3.57 and 5.9  0.56, respectively in the non-shunt group. Mean ischemic time was 244.3,
24.3, and 268.6 minutes, respectively, for preoperative, intraoperative, and total ischemic time in the shunt group, and
273, 56.5, and 329.5 minutes in the non-shunt group. The difference was significant for intraoperative (P < .001) and
total (P < .05) ischemic time. In the entire group, 92.8% of patients with total ischemic time greater than 4 hours underwent
fasciotomy, 100% required repeat operation, and 57.1% had complications and required fasciotomy wound debridement. All
patients (100%) with ischemic time greater than 6 hours required amputation, compared with no patients with ischemic time
less than 5 hours. One patient in the shunt group (14.3%) experienced one fasciotomy wound complication (11.1%), compared
with seven patients in the non-shunt group (70%) had 8 complications (88.9%) (P < .05). Mean number of repeat operations
was 0.8 1.06 in the shunt group, and 1.9 0.73 in the non-shunt group (P < .05). One patient in the shunt group (14.3%)
required fasciotomy wound debridement, compared with seven patients in the non-shunt group (70%; P < .05). Mean hospital
stay was 14.4 and 23 days, respectively, in the shunt and non-shunt groups (P < .05). Four limbs in the non-shunt group (40%)
required amputation, compared with 100% limb salvage in the shunt group.
Conclusion: Temporary arterial shunting after blunt lower limb trauma significantly reduces total ischemic time,
complications, repeat operations, amputation, and hospitalization. I recommend routine use of shunts in blunt popliteal
artery injuries with complete lower limb ischemia. (J Vasc Surg 2004;40:61-6.)In civilian practice, popliteal artery injury is associated
with high morbidity and remains among the most challeng-
ing of extremity vascular injuries.1-3 Although it composes
5% to 19% of all arterial injuries,4,5 popliteal artery injury
accounts for 65% of amputations performed because of
vascular trauma.3,6 The reduction in amputation rate re-
ported by many authors is mainly related to penetrating
trauma,6-9 and most civilian series of blunt injuries still
report a substantial amputation rate.10-12
In blunt trauma, the high amount of energy that is
typically absorbed causes severe damage to skeletal struc-
tures and soft tissues,13 and frequently produces almost
complete distal ischemia, because the crushing injury and
soft tissue swelling obliterate the frail arterial collateral
network around the knee.14 In addition, the traction injury
that causes the popliteal lesion usually results in severe
spasm of the collateral circulation and distal arteries.10 This
clinical subgroup is associated with the highest morbidity
From the Vascular Surgery Department, Faculty of Medicine, Menofia
University.
Competition of interest: none.
Reprint requests: Ahmed Hossny, Surgical Department, King Fahad Hofuf
Hospital, Hofuf, Saudi Arabia (e-mail: ahosny21@hotmail.com).
0741-5214/$30.00
Copyright © 2004 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2004.03.003among all blunt popliteal artery injuries, with an amputa-
tion rate as high as 60%.12
Often the effect of ischemia produced by the initial
trauma is further worsened by delayed revascularization,
which results in exceeding the allowable warm ischemic
time for skeletal muscles. Reasons for this delay include
transference of patients from one hospital to another, and
delay in diagnosis, preoperative resuscitation and evalua-
tion, stabilization of extremely unstable associated fracture,
repair of associated venous injury, and debridement of
damaged soft tissue.15 Although a substantial portion of
this delay is beyond our control, rapid revascularization
should remain the main goal in treating blunt trauma, to
prevent irreversible ischemic damage to soft tissues.
Temporary arterial shunting has been suggested to
expedite revascularization in patients with traumatic arterial
injuries, and was first reported in 1971 by Eger et al.16
Since then, the use of shunting has been repeatedly re-
ported, and several authors have supported the utility of
this rational approach in selected patients with civilian
complex upper and lower limb vascular injuries.15,17-21
Others have used shunts during extremity reimplanta-
tion,22 and more recently as a component of damage con-
trol management in patients with severe, multisystem trau-
ma.23,2461
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Between January 1995 and August 2003, 39 patients
with 39 popliteal artery injuries were admitted to our
hospital. The mechanism of injury was penetrating in eight
patients and blunt trauma in 31 patients. Of the 31 patients
with blunt trauma, 21 had complete lower limb ischemia,
defined as absence of pulses and Doppler signals distal to
the injury. The presence of complete ischemia was initially
determined in the emergency department and confirmed in
the operating room with hand-held Doppler scanning im-
mediately before surgical exposure, when patient systolic
blood pressure was at least 100 mm Hg.
Eight consecutive patients of the 21 patients were
admitted since August 2000, and management included
insertion of a temporary intraluminal arterial shunt at an
early stage of the operation. The remaining 13 patients
were managed without a shunt, during the preceding 5
years. The same surgical team, using the same treatment
protocol, treated all 21 patients. Seven of the eight patients
(shunt group) and 10 of the 13 patients (non-shunt group)
were selected for inclusion in the study. In these patients
preoperative ischemic time was 6 hours or less, and they had
severe lower limb ischemia (ischemic pain, sensory or mo-
tor dysfunction, profound temperature difference). The
remaining four patients, one with and three without a
shunt, were excluded because preoperative ischemic time
was greater than 6 hours.
Data for the shunt group were collected prospectively
and compared with retrospectively collected data for the
non-shunt group. Data for this group were obtained from
hospital admission records; operative reports from sur-
geons, anesthesiologists, and nurses; and attending sur-
geons’ records.
Variables known to have an effect on the outcome were
assessed for every patient, and included injury severity
score, mangled extremity severity score, presence of skeletal
injury, and extent of soft tissue injury. Interval variables
included preoperative, intraoperative, and total ischemic
times. Outcome variables included early complication rate,
Table I. Clinical characteristics of patients
Shunt
group
(n  7)
Non-
shunt
group
(n  10)
Pn % n %
Age* 30.1  11.89 28.3  12.78 .76
ISS* 9.3  3.49 9.9  3.57 .73
MESS* 5.7  0.95 5.9  0.56 .62
Fracture around knee 6 85.7 9 90 .66
Severe soft tissue injury 6 85.7 9 90 .66
Venous injury 2 28.6 3 30 .68
Macroscopic nerve
injury
1 14.3 3 30 .44
ISS, Injury severity score; MESS, mangled extremity severity score.
*Values represent mean  SD.number and nature of repeat operations, length of hospital
stay, and amputation rate.
Preoperative ischemic time was defined as the time
from injury to induction of anesthesia. Intraoperative isch-
emic time was defined as the time from induction of anes-
thesia to reestablishment of arterial flow, defined as the
presence of pulse in the arterial segment immediately distal
to the shunt (shunt group) or the definitive arterial repair
(non-shunt group). Total ischemic time was the sum of the
preoperative and intraoperative times.
The initial shunt insertion surgical procedure was es-
sentially the same in the seven patients. The injured artery
was identified, and severed ends were located, freed of 2 to
3 cm of surrounding tissue, and controlled with vascular
clamps. This was followed by debridement of the damaged
vessel ends, application of rubber vessel loops within a
rubber catheter around the proximal and distal arterial
segments, balloon catheter thrombectomy, and infusion of
heparinized saline solution (5000 U/L) in both the prox-
imal and distal ends. A polyvinylchloride endotracheal suc-
tion catheter of suitable size was used as the temporary
shunt. The shunt was inserted proximally, and the vessel
loop was drawn tight around the catheter to prevent leak-
age. Then the catheter was flushed to remove air and
intraluminal debris by removal of the proximal vascular
clamp. The distal end was then inserted and controlled in
the same way. The vein was also shunted, if injured, in a
similar manner, but starting with the distal end first. Pulsa-
tion in the arterial segment distal to the shunt ensured
adequate functioning of the shunt. Monitoring of the
shunt during the remainder of the procedure was achieved
by observing the distal pulses or by Doppler examination of
the foot, and, if necessary, through direct examination of
the shunt. Fasciotomy, debridement of devitalized tissues,
fixation of fractures, harvesting of saphenous vein graft, and
repair of venous injury were perfomed while the shunt was
in place. The shunt was then removed from the distal
arterial end, to allow plication of the venous graft over it
before reinsertion to perform the anastomosis while the
shunt was still in place.
A two-incision, four-compartment fasciotomy was per-
formed in patients with clinical evidence of increased com-
partmental pressure and in those with severe sensory and
motor deficit or severe soft tissue injury in the leg in the
absence of increased compartment tenseness. Hypertonic
mannitol solution was infused perioperatively in all pa-
tients, starting with a bolus of 25 g before revascularization,
usually with induction of anesthesia, followed by continu-
ous infusion of 5 to 10 g/hr during the remainder of the
surgical procedure.
Statistical analysis was performed with SPSS version
11.5 for Windows. Comparisons of clinical characteristics,
complication rate, and repeat operations were calculated
with the 2; Fisher exact test results were considered when
comparative data were too small. The Student t test was
used to compare means, and the Pearson correlation to test
for correlations between variables. P  .05 was considered
statistically significant.
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All patients included in the study were men, with mean
age of 30.1 years (range, 17-50 years) in the shunt group
and 28.3 years (range, 16-55 years) in the non-shunt group.
Blunt trauma in all patients was the result of motor vehicle
accidents. In both groups as a whole, 88% of arterial injuries
were associated with both skeletal and severe soft tissue inju-
ries. There was no statistical difference between the two
groups with regard to severity of trauma, as indicated by
calculated injury severity score and mangled extremity se-
verity score, number of patients with fractures around the
knee, and number of patients with severe soft tissue injury
(Table I). Throughout the study period no differences were
identified with regard to the method of patient transport to
the hospital, or pre-hospital or in-hospital delay.
While there was no statistical difference in preoperative
ischemic time between the two groups, the difference was
significant for intraoperative (P  .001) and total (P  .05)
ischemic times (Table II). Revascularization was established
within the first 30 minutes of operation in the shunt group,
and within the first 80 minutes in the non-shunt group; this
included two patients in whom skeletal stabilization by exter-
nal fixators preceded vascular repair. Excluding these two pa-
tients, revascularization was established within 55 minutes,
with mean intraoperative ischemic time of 48.8 minutes (range,
30-55 minutes), nearly double the mean time (24.3 minutes)
in the shunt group. Giving priority to treatment of the arterial
injuries over any other associated injury did not alter the
significant difference (P .001) in favor of the shunt group.
The type of vascular injuries and their repairs are pre-
sented in Table III. Shunts were used in the two patients
with venous injuries in the shunt group, because rapid
repair with lateral venorraphy was not feasible. All venous
shunts were inserted after the arterial shunts. While all venous
injuries were repaired before definitive arterial repair in the
shunt group, repair was performed after completion of the
arterial repairs in all patients in the non-shunt group.
All skeletal injuries in the shunt group were stabilized
with internal fixation after shunt insertion. In the non-
shunt group, seven skeletal injuries (77.8%) were managed
with internal fixation after definitive vascular repair, and
two (22.2%) with external fixation before revascularization,
because of extremely unstable fractures.
In the study group as a whole, limb outcome was
related to duration of total ischemia (Table IV). While none
Table II. Ischemic times in two groups
Minimum
Preoperative ischemic time
Shunt group 120
Non-shunt group 180
Intraoperative ischemic time
Shunt group 20
Non-shunt group 30
Total ischemic time
Shunt group 145
Non-shunt group 255of the patients with total ischemic time of 4 hours or less
required fasciotomy or repeat operation, or had complica-
tions related to the ischemic leg, 92.8% of patients with
total ischemic time greater than 4 hours underwent fas-
ciotomy, 100% required repeat operation, 57.1% developed
complications, and 57.1% underwent fasciotomy wound
debridement. All patients with ischemic time greater than 6
hours required amputation, compared with none of those
with ischemic time less than 5 hours.
Mean total ischemic time was substantially longer in
patients with fasciotomy, complications, repeat operations,
fasciotomy wound debridement, and amputation (Table
V). Insertion of a shunt succeeded in maintaining total
ischemic time within the same preoperative ischemic inter-
val in all patients (Table VI), whereas all but two patients in
the non-shunt group had total ischemic time within the
time interval next to the preoperative interval.
Fasciotomy was clinically indicated in four patients in the
shunt group (57.1%), and was performed immediately after
insertion of the arterial (and venous) shunts. Nine patients in
the non-shunt group (90%) required fasciotomy; eight fas-
ciotomy procedures were performed after definitive vascular
repair, and one procedure was delayed. Although we infused
hypertonic mannitol solution in all patients, the fasciotomy
rate was 76.5% in the study group as a whole, and most fas-
ciotomy procedures were performed in the non-shunt group.
imum Mean SD P
30 244.3 76.34 .36
30 273 51.86
30 24.3 3.45 .0001
80 56.5 13.75
50 268.6 74.14 .04
85 329.5 42.84
Table III. Type of vascular injuries and surgical repairs in
two groups
Shunt group Non-shunt group
n % n %
Arterial 7/7 100 10/10 100
Type of arterial injury
Transection 6 85.7 8 80
Contusion with thrombosis 1 14.3 — —
Laceration — — 2 20
Type of arterial repair
Vein graft 7 100 8 80
Direct — — 2 20
Venous 2/7 28.6 3/10 30
Type of venous injury
Transection 2 100 3 100
Type of venous repair
Vein graft 1 50 2 66.7
Direct 1 50 1 33.3Max
3
3
3
3
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tients in the non-shunt group (60%) regained pulses in at
least one of the pedal vessels by the end of the surgical
procedure. The remaining two patients in the shunt group
(28.6%) and four patients in the non-shunt group (40%)
had Doppler signals. In those patients completion angiog-
raphy was performed via direct arterial puncture proximal
to the arterial repair, to evaluate the repair and the distal
runoff vessels to the foot; all angiograms revealed adequate
repair and patent runoff arteries. Four additional patients
(two in each group) regained pulses during the first post-
operative 24 hours; however, all four patients in the non-
shunt group who did not regain pulses by the end of the
surgical procedure required amputation.
There were no technical complications from shunt inser-
tion, and no shunt-related complications were recorded, such
as shunt thrombosis, shunt dislodgement, or distal embo-
lization. Systemic heparin was not used in any of the 17
patients; however, it was our practice to flush the distal and
proximal arterial segments with heparinized saline solution
(5000 U/L) after balloon catheter thrombectomy.
The number and types of complications related to the
injured limbs are shown in Table VII. The number of
patients with complications, total number of complica-
tions, and complications related to fasciotomy wounds
Table IV. Limb outcome in relation to total ischemic time
4 h
(n  3)
4-5 h
(n  4)
n
Fasciotomy 0 4
Complication 0 1
Repeat operation 0 4
Debridement 0 1
Amputation 0 0
Table V. Mean total ischemic time in patients within
different clinical outcome groups in study group as a
whole
Mean SD P
Fasciotomy
Yes 325 37.69 .01
No 237.5 90.04
Complication
Yes 346.8 32.5 .005
No 266.6 61.39
Debridement
Yes 341.8 33.9 .01
No 271.1 66.65
Repeat operation
Yes 327.5 37.4 .0001
No 196.6 46.45
Amputation
Yes 372.5 14.43 .009
No 283.4 57.67(partial muscle necrosis, infection) were significantly (P 
.05) lower in the shunt group.
In the early postoperative period, 14 patients under-
went 25 repeat operations in the study group as a whole.
The number and nature of repeat operations recorded in
the two groups are presented in Table VIII. The common-
est procedure was fasciotomy wound closure (66.7%) in the
shunt group, and fasciotomy wound debridement (36.8%)
in the non-shunt group. The mean number of repeat
operations and the number of patients who underwent
fasciotomy wound debridement were significantly higher
(P  .05) in the non-shunt group.
Mean hospital stay was significantly shorter (P .05)
in the shunt group compared with the non-shunt group:
14.4 days (range, 10-23 days) versus 23 days (range, 14-40
days). Hospital stay was positively correlated to number of
repeat operations (r  0.864; P  .0001) and complica-
tions (r 0.778; P .0001) in the study group as a whole.
While four limbs in the non-shunt group (40%) re-
quired amputation, limb salvage in the shunt group was
100%, and all salvaged limbs in both groups had palpable
pedal pulses at hospital discharge. Two amputated limbs
had pedal pulses at the time of amputation. Amputation of
these limbs was performed because of uncontrolled severe
infection in leg muscles with necrosis, which was attributed
solely to ischemia, because both patients had supracondylar
fractures of the femur, with no significant direct trauma to
the leg. The remaining two amputations were necessary
because of persistent distal ischemia despite patent arterial
repair (one repaired with venous grafting, and one with
direct repair) confirmed at angiography; this was attributed
to distal small vessel thrombosis.
Table VI. Number of patients within different total
ischemic intervals in relation to preoperative ischemic
interval in both groups
Preoperative
ischemic
interval (h)
Total ischemic interval (h)
4 4-5 5-6 6
Shunt group 4 (n  3) 3 0 0
4-5 (n  1) 0 1 0
5-6 (n  3) 0 0 3
Non-shunt group 4 (n  3) 3 0 0
4-5 (n  3) 0 3 0
5-6 (n  4) 0 2 2
rvals in study group as a whole
5-6 h
(n  8)
6 h
(n  2)
n % n %
7 87.5 2 100
5 62.5 2 100
8 100 2 100
5 62.5 2 100
2 25 2 100inte
%
100
25
100
25
0
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Complete lower limb ischemia from blunt popliteal
artery injury is associated with the highest morbidity and
amputation rate among all popliteal artery injuries.
In the presence of complete ischemia, time is critical to
limb outcome. While the best outcome is expected if revas-
cularization is achieved within 4 hours after trauma, limb
salvage is unlikely if ischemic time exceeds 6 hours. The
incidence of fasciotomy, complications (especially those
related to fasciotomy wounds), repeat operations, and limb
loss is increased with longer ischemic time. Many re-
ports25-29 have failed to show any correlation between
ischemic time and outcome; however, this can be explained
in that most of these studies included a relatively heterog-
enous group of patients with regard to mode of trauma,
presence of complete ischemia, level of arterial injury, ex-
tent of soft tissue damage, and degree of general shock.
Inasmuch as almost all of these independent variables were
evenly distributed among our patients, examining the effect
of ischemic time yielded more meaningful information.
The use of shunts in patients with complete ischemia
after blunt popliteal artery injury can improve the overall
outcome by reducing intraoperative ischemic time and
hence shorten total ischemic time. The time that can be
saved with shunting is the time needed to harvest the
saphenous vein, fashion the graft, construct two anastomo-
ses, repair venous injury, and stabilize skeletal fracture
before definitive arterial repair, either because of extremely
unstable fracture or because we believe that rapid external
fixation by an experienced orthopedist will not take much
Table VII. Complications related to injured limbs in both
Shunt group
n
Patients with complications 1/7
Number of complications 1/9
Mean  SD 0.1  0.37
Patients with surgical
wound complications
—
Patients with fasciotomy
wound complications
1
Table VIII. Repeat operations recorded in two groups
Patients with repeat op
Shunt group Non-shunt
n % n
Total 4/7 57.1 10/10
Closure of fasciotomy 4 57.1 6
Fasciotomy wound debridement 1 14.3 7
Surgical wound procedures 0 0 1
Delayed fasciotomy 0 0 1
Amputation 0 0 4
*Values represent mean  SD.time. These procedures prolonged the intraoperative isch-
emic time, and consequently the total ischemic time, in the
non-shunt group. Shunting is more effective in minimizing
the intraoperative ischemic time than if rapid definitive
arterial repair is performed as the initial step and none of the
nonarterial injuries take priority.
Most patients with complete ischemia after blunt
trauma have avulsion or crushing of a long vessel segment,
and are less likely to undergo arterial repair with direct
anastomosis. Most reports of blunt popliteal injuries report
an incidence of graft repair between 67% and
92%.12,15,19,30,31 This was consistent with the incidence of
80% found in the non-shunt group. However, this inci-
dence increases if arterial repair follows skeletal fixation,
probably because rigid initial skeletal fixation holds the
bone at the correct length and makes the choice of repair
type more precise, depending on real final length.
The shortened total ischemic time in the shunt group
resulted in lower incidence of repeat operations and shorter
hospital stay, because of lower incidence of fasciotomy and
fasciotomy wound complications, namely, muscle necrosis
and infection, which are well-known sequelae of prolonged
ischemia on skeletal muscles. Others have similarly noted
the relation between fasciotomy rate, period of hospitaliza-
tion, and ischemic time.17,32
Although fasciotomy was advocated by several authors
as a necessary adjunct to improve the outcome after popli-
teal trauma,10 in a completely ischemic limb nothing is
more important than rapid restoration of the circulation.
There is no doubt that fasciotomy improves muscle blood
ps
Non-shunt group
Pn %
7/10 70 .03
8/9 88.9 .02
0.8  0.63
1 10 .58
7 70 .03
ons Number of repeat operations
p
P
Shunt group Non-shunt group
Pn % n %
.05 6 0.8  1.06* 19 1.9  0.73* .03
.64 4 66.7 6 31.6 .14
.03 2 33.3 7 36.8 .63
.58 0 0 1 5.3 .76
.58 0 0 1 5.3 .76
.08 0 0 4 21.1 .3grou
%
14.3
11.1
—
14.3erati
grou
%
100
60
70
10
10
40
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tious revascularization. Liberal fasciotomy alone (90%)
failed to improve the outcome in the non-shunt group.
Shortened total ischemic time resulted in 100% limb
salvage in the shunt group, and all amputations were per-
formed in the non-shunt group. The reasons for amputa-
tion included extensive muscle necrosis, uncontrolled infec-
tion, or failure to achieve adequate distal perfusion despite
patent arterial repair, because of distal small vessel throm-
bosis; all are known sequelae of prolonged ischemic time.
Although early systemic administration of heparin has
been suggested to protect against small vessel thrombosis
and to improve limb salvage rate, none of our patients
received systemic heparin, and the overall limb salvage rate
was 76.5%. Despite administration of systemic heparin to
their patients, Wagner et al2 reported a limb salvage rate of
85% after blunt popliteal trauma, which is close to the
salvage rate of 84% reported by Hafez et al,31 although they
did not use systemic heparin. The lower incidence of limb
salvage in the present study is related to the clinical charac-
teristics of our patients, as all had complete ischemia.
This study has limitations and weaknesses, mostly due
to its retrospective nature with historical control subjects.
Although the two groups were similar with regard to all
baseline variables that could influence outcome, the non-
shunt group was retrospectively selected and evaluated, data
presented were the result of initial and later treatments by the
same surgical team, and it is possible that unrecognized factors
differed between the two groups, which could contribute
to differences in outcome. Despite these limitations, we
believe the study contains some interesting observations.
In summary, the use of a temporary shunt in patients
with complete lower limb ischemia from blunt popliteal
artery injury significantly reduces ischemic time and im-
poses a logical operative approach that dispels anxiety about
time, with better management resulting in improvement of
overall early outcome. It reduces the incidence of compli-
cations, repeat operations, amputation rate, and period of
hospitalization. For these reasons it seems reasonable to
recommend routine use of shunts in patients with complete
lower limb ischemia from blunt popliteal artery trauma.
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